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LOW-DENSITY, OPEN-CELL, SOFT, 
FLEXIBLE, THERMOPLASTIC, ABSORBENT 
FOAM AND METHOD OF MAKING FOAM 

BACKGROUND OF THE INVENTION 

This invention is directed to a loW-density, open-cell, 
thermoplastic, absorbent foam that is soft and ?exible. The 
foam can be made With balanced amounts of one or more 

surfactants and a plasticiZing agent in a foam polymer 
formula. Thermoplastic elastomers can be added to the foam 
polymer formula to improve softness, ?exibility, elasticity 
and resiliency. 

Thermoplastic absorbent foam is made of polymer(s) that 
can be heated, formed and cooled repeatedly, typically 
commercially using a continuous plastic extrusion process. 
Thermoplastic absorbent foam can be used to produce 
personal care products including, but not limited to, absor 
bent articles such as disposable diapers, baby Wipes, training 
pants, child-care pants, and other disposable garments; femi 
nine-care products including, but not limited to, sanitary 
napkins, Wipes, menstrual pads, panty liners, panty shields, 
tampons, and tampon applicators; adult-care products 
including, but not limited to, Wipes, pads, containers, incon 
tinence products, and urinary shields. Besides use of such 
foam for personal care products, thermoplastic absorbent 
foam can also be used in a Wide array of applications 
including a variety of professional and consumer health and 
medical care products including, but not limited to, products 
for applying hot or cold therapy, hospital goWns, surgical 
drapes, bandages, Wound dressings, Wipes, covers, contain 
ers, ?lters, disposable garments and bed pads, medical 
absorbent garments, underpads, and the like, as Well as 
clothing components, ?lters, thermal and acoustic insula 
tion, shock and cushion absorbing products, athletic and 
recreation products, construction and packaging uses, and 
service, industrial, and household products including, but 
not limited to, cleaning applications such as sponges and 
Wipes for oleophilic and/or hydrophilic ?uids; products for 
cleaning and disinfecting, and covers, ?lters, toWels, bath 
tissue, and facial tissue; nonWoven roll goods; home-com 
fort products including pilloWs, pads, cushions, and masks 
and body-care products such as Washcloths, and products 
used to cleanse or treat the skin. LoW foam density and loW 
modulus are required for high absorbency, softness, ?ex 
ibility, and in desired hand and ?t aesthetics for applications 
such as diapers, incontinence products, and other aforemen 
tioned products. 

Extruded foams have a cellular structure, With cells 
de?ned by cell membranes and struts. Struts are formed at 
the intersection of cell membranes, With the cell membranes 
covering interconnecting cellular WindoWs betWeen the 
struts. The thickness of cell struts is typically 2410 times 
greater than the thickness of cell membranes. Extruded 
foams are typically produced With substantially closed cells. 
The open-cell content of closed-cell foams is generally less 
than 20%. Acceptable absorbent foam has an open-cell 
structure, typically 50% or higher, as measured by ASTM 
D2856, and suitably has a controlled cell diameter. Speci?c 
cell siZe and cellular connectivity are adjusted to the desired 
function, such as for high capillary ?uid movement and high 
absorption capacity. Cell Wall or membrane pores that 
connect cells are of su?icient number and siZe to minimize 
viscous drag and ?oW resistance to produce e?‘ective ?uid 
transport and containment. Reticulated foam generally has a 
minimal number of cell WindoWs or no cell WindoWs (only 
struts) and, With su?iciently small enough pores, can e?fec 
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2 
tively transport capillary ?uid. Such open-pore structures 
lend themselves to rapid ?uid intake. 

Processes are knoWn for making open-cell foams, loW 
density foams, absorbent foams, and soft, resilient, elasto 
meric foams. One process for enhancing the open-cell 
formation in foam is described, for example, in US. Pat. No. 
5,962,545. All of these foam qualities in a single foam Would 
be particularly desirable in a number of absorbent product 
applications; hoWever, it is di?icult to produce such foam. 
Foaming soft, ?exible polymers, such as thermoplastic 

elastomers, to loW densities With absorbency is di?icult to 
achieve. US. Pat. No. 5,728,406 describes loW-density, 
?exible, non-absorbent foam. As described in US. Pat. No. 
6,451,865, heat-expandable thermoplastic particles that 
encapsulate a heat-expandable gas or lique?ed gas can be 
added to produce such thermoplastic elastomer foam. 

PlasticiZing agents are sometimes used as cell openers in 
producing foams. When used as cell openers, these plasti 
ciZing agents are added to the thermoplastic foam polymer 
formula in minor amounts, as described in US. Pat. No. 
6,071,580. More particularly, the plasticiZing agent can act 
to increase cell expansion to produce a high expansion ratio. 
When cells expand, membranes betWeen cells thin and can 
become unstable, rupture, and can thereby create porous 
connections betWeen cells. In addition, When thermoplastic 
polymer cools and With volumetric contraction With crys 
talliZation, thin portions of the membrane can rupture 
enough to create additional connections or pores betWeen 
cells, thereby creating open cells. 

Although plasticiZing agents act as softeners, the addition 
of plasticiZing agents makes foaming to loW densities even 
more di?icult. US. Pat. No. 6,653,360 describes a high 
density, essentially closed-cell, non-absorbing foam contain 
ing a plasticiZing agent and thermoplastic elastomer and 
additive such as a surfactant. In particular, plasticiZing 
agents typically loWer polymer melt viscosities and lead to 
increasing melt drainage that causes foaming di?iculties 
With cell collapse. In fact, in certain manufacturing pro 
cesses, such as food packaging processes, plasticiZing agents 
are used as defoaming agents. 

There is a Wide range of FDA-approved plasticiZing 
agents available. The criterion for selecting a plasticiZing 
agent for personal care products includes a Wide range of 
properties including not only its softening ability but also 
temperature stability upon extrusion, resistance to migra 
tion, cost, odor, biodegradability, and manufacturing and 
consumer safety. Typical plasticiZing agents include citrates, 
phthalates, stearates, fats and oils. It is knoWn that glycerol 
fatty acids, such as glycerol monostearate, stabiliZe cells by 
reducing the rate of gas diffusion from the cell. HoWever, 
such glycerol fatty acids are unable to provide su?icient 
Wettability. 

There is thus a need or desire for a soft, ?exible, loW 
density, open-cell, thermoplastic, absorbent foam, and a 
method of making such foam. 

SUMMARY OF THE INVENTION 

This invention is directed to soft, ?exible, loW-density, 
open-cell, thermoplastic, absorbent foam, and a method of 
making such foam by forming a foam polymer formula that 
includes one or more surfactants and a plasticiZing agent in 
combination With a base resin. Consequently, the foam of the 
invention can include one or more surfactants and a plasti 

ciZing agent in combination With a base resin. The amount 
of surfactant and/or plasticiZing agent can be adjusted in 
order to control softness, open-cell content, and cellular siZe 



US 7,358,282 B2 
3 

and structure of the resulting foam. Additionally, a thermo 
plastic elastomer can be added to the foam polymer formula 
in addition to, or in place of, the plasticiZing agent to 
enhance the resiliency, ?exibility, softness, and elasticity of 
the resulting foam. 

The open-cell content of the foam is about 50% or greater. 
Additionally, the absorbent foam may have about 5% or 
more closed cells, or about 10% or more closed cells, or 
about 15% or more closed cells to improve resiliency and/or 
compression resistance. The foam is loW density, With a 
density of about 0.1 gram/cubic centimeter (g/cm3) or less, 
and is soft and ?exible, With a Gurley stiffness of about 600 
milligrams or less, and an edge compression of about 250 
grams or less. As another measure of softness, ?exibility, 
elasticity, and resiliency, the foam suitably has a compres 
sion resistance of about 20% compression set or less. The 
addition of the surfactant and plasticiZing agent to the foam 
polymer formula also enhances the uniformity of cell dis 
tribution Within the foam. 

The foam is absorbent and remains suitably absorbent 
even after repeated Washings. The surfactant permanence 
remains intact in the foam such that about 15% or less of the 
surfactant is washed off after soaking in Water for 24 hours 
and, alternatively, the surface tension of the supernatant 
remains greater than about 40 dynes/centimeter, and With 
0.9% NaCl saline has a saturated capacity of about 3 
grams/gram or greater, as measured under a 0.5 psi loading, 
and a ?uid intake ?ux of about 1 ml/sec/in2 or greater upon 
the ?rst insult, about 1 ml/sec/in2 or greater upon the second 
insult, and about 1 ml sec/in2 or greater upon the third insult. 
Furthermore, the foam suitably has a vertical Wicking height 
of about 5 cm or higher in 30 minutes. With viscous ?uid, 
saturation capacity is about 3 g/g or greater and retention 
capacity is about 1 g/g or greater. 

The foam may be thin, but possesses considerable 
strength. More particularly, the foam may have a basis 
Weight of about 400 grams per square meter or less, With an 
overall bulk, measured at a 0.02 psi loading, of about 6 
millimeters or less, and a machine-direction (MD) and 
cross-direction (CD) trap tear strength each of about 300 
grams or greater. 
One method of making the foam includes formulating a 

foam polymer formula by including both a plasticiZing agent 
and a surfactant in combination With a base resin, heating the 
foam polymer formula to create a polymer melt, utiliZing a 
bloWing agent, extruding the polymer melt, and foaming the 
polymer melt to a density of about 0.1 g/cm3 or less, to form 
an open-cell, soft, ?exible, thermoplastic, absorbent foam. 
Alternatively, rather than a single surfactant, a multi-com 
ponent surfactant system can be included in the foam 
polymer formula. Unlike many foam-forming processes, the 
method of the invention is a non-aqueous method. 

Suitably, the surfactant can be included in the foam 
polymer formula in an amount betWeen about 0.05% and 
about 10%, by Weight, of the foam polymer formula, and the 
plasticiZing agent can be included in the foam polymer 
formula in an amount betWeen about 0.5% and about 10%, 
by Weight, of the foam polymer formula. 

The plasticiZing agent is typically used to increase ?ex 
ibility and softness in rigid polymers and can also create 
open-cell structure in the resulting foam by increasing 
drainage. HoWever, the addition of a plasticiZing agent 
makes it more di?icult to achieve loW-density foam. Accord 
ing to this invention, it has been found that the addition of 
a surfactant enables foaming of a foam polymer formula to 
loW densities, even When the foam polymer formula 
includes a plasticiZing agent. The bene?ts derived from the 
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4 
use of a plasticiZing agent in the loW-density, open-cell 
foam-forming process are particularly unexpected. Chemi 
cals used as plasticiZing agents sometimes are used as 
defoaming agents. By adding surfactant(s) to the plasticiZing 
agent, this invention counteracts the negative impact of such 
plasticiZing/defoaming chemicals for use in a foam-forming 
process. 
As mentioned, the open-cell content of the foam can be 

controlled by adjusting the amount of the surfactant and/or 
plasticiZing agent in the foam polymer formula. More par 
ticularly, the balance betWeen cell stabiliZation With the 
surfactant and enhanced drainage from the plasticiZing agent 
enables control over the open-cell content. The surfactant 
also provides Wettability to enable the resulting foam to 
absorb ?uid. It has been shoWn that introduction of certain 
surfactants via various processes can lead to a highly sub 
stantive surfactant for continued Wettability upon repeated 
Washings. For example, use of HOSTASTAT® HS-1 and 
other surfactants have remained 95% (by Weight) intact even 
after 24 hours of Washing With Water. Additionally, it has 
been found that a multi-component surfactant system can 
achieve equal or better foam formation at a loWer dosage 
than a single-component surfactant system. 

In certain embodiments, a thermoplastic elastomer can be 
included in the foam polymer formula to improve softness, 
?exibility, resiliency, and elasticity of the resulting foam. 

With the foregoing in mind, it is a feature and advantage 
of the invention to provide a loW-density, open-cell, ther 
moplastic, absorbent foam that is soft and ?exible, and a 
method of making such a foam in Which the open-cell 
content can be controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of this invention Will 
be better understood from the folloWing detailed description 
taken in conjunction With the draWings, Wherein: 

FIG. 1 is a photomicrograph of a cross-section of a foam, 
described in Example 1, taken by scanning electron micros 
copy. The photomicrograph Was taken at a magni?cation of 
1 5x. 

FIG. 2 is a photomicrograph of a cross-section of a foam, 
described in Example 1, taken by scanning electron micros 
copy. The photomicrograph Was taken at a magni?cation of 
1 5x. 

FIG. 3 is a photomicrograph of a cross-section of a foam, 
described in Example 1, taken by scanning electron micros 
copy. The photomicrograph Was taken at a magni?cation of 
1 5x. 
FIGS. 4412 are photomicrographs of foam samples 

described in Example 3, taken by scanning electron micros 
copy. The photomicrographs Were taken at a magni?cation 
of 20x. 

FIG. 13 representatively shoWs a partially cut aWay top 
vieW of a saturated capacity tester. 

FIG. 14 representatively shoWs a side vieW of a saturated 
capacity tester. 

FIG. 15 representatively shoWs a rear vieW of a saturated 
capacity tester. 

FIGS. 16A*16B representatively shoW a top vieW and a 
side vieW, respectively, of the test apparatus employed for 
the Fluid Intake Flux Test. 

FIG. 17 is a photomicrograph of a cross-section of 
RYNEL® 562-B polyurethane absorbent medical-grade 
foam, taken by scanning electron microscopy. The photo 
micrograph Was taken at a magni?cation of 45x. 
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FIG. 18 is a photomicrograph of a cross-section of GEN 
PAK® polystyrene absorbent meat tray foam, taken by 
scanning electron microscopy. The photomicrograph Was 
taken at a magni?cation of 20x. 

DEFINITIONS 

Within the context of this speci?cation, each term or 
phrase beloW Will include the following meaning or mean 
ings. 

“Cell” refers to a cavity contained in foam. Acell is closed 
When the cell membrane surrounding the cavity or enclosed 
opening is not perforated and has all membranes intact. Cell 
connectivity occurs When at least one Wall of the cell 
membrane surrounding the cavity has ori?ces or pores that 
connect to adjacent cells, such that an exchange of ?uid is 
possible betWeen adjacent cells. 

“Compression” refers to the process or result of pressing 
by applying force on an object, thereby increasing the 
density of the object. 

“Elastomer” refers to material having elastomeric or 
rubbery properties. Elastomeric materials, such as thermo 
plastic elastomers, are generally capable of recovering their 
shape after deformation When the deforming force is 
removed. Speci?cally, as used herein, elastomeric is meant 
to be that property of any material Which upon application 
of an elongating force, permits that material to be stretchable 
to a stretched length Which is at least about 25 percent 
greater than its relaxed length, and that Will cause the 
material to recover at least 40 percent of its elongation upon 
release of the stretching elongating force. A hypothetical 
example Which Would satisfy this de?nition of an elasto 
meric material in the X-Y planar dimensions Would be a one 
(1) inch sample of a material Which is elongatable to at least 
1.25 inches and Which, upon being elongated to 1.25 inches 
and released, Will recover to a length of not more than 1.15 
inches. Many elastomeric materials may be stretched by 
much more than 25 percent of their relaxed length, and many 
of these Will recover to substantially their original relaxed 
length upon release of the stretching, elongating force. In 
addition to a material being elastomeric in the described X-Y 
planar dimensions of a structure, including a Web or sheet, 
the material can be elastomeric in the Z planar dimension. 
Speci?cally, When a structure is applied compression, it 
displays elastomeric properties and Will essentially recover 
to its original position upon relaxation. Compression set is 
sometimes used to describe such elastic recovery. 
“Open cell” refers to any cell that has at least one broken 

or missing membrane or a hole in a membrane. 
“PlasticiZing agent” refers to a chemical agent that can be 

added to a rigid polymer to add ?exibility to rigid polymers. 
PlasticiZing agents typically loWer the glass transition tem 
perature. 

“Polymer” generally includes but is not limited to, 
homopolymers, copolymers, including block, graft, random 
and alternating copolymers, terpolymers, etc., and blends 
and modi?cations thereof. Furthermore, unless otherWise 
speci?cally limited, the term “polymer” shall include all 
possible molecular geometrical con?gurations of the mate 
rial. These con?gurations include, but are not limited to 
isotactic, syndiotactic and atactic symmetries. 

“Surfactant” is a compound, such as detergents and Wet 
ting agents, that affects the surface tension of ?uids. 

“Thermoplastic” is meant to describe a material that 
softens and/or ?oWs When exposed to heat and Which 
substantially returns to its original hardened condition When 
cooled to room temperature. 
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6 
“Absorbent article” includes, but is not limited to, per 

sonal care absorbent articles, medical absorbent articles, 
absorbent Wiping articles, as Well as non-personal care 
absorbent articles including ?lters, masks, packaging absor 
bents, trash bags, stain removers, topical compositions, 
laundry soil/ink absorbers, detergent agglomerators, lipo 
philic ?uid separators, cleaning devices, and the like. 

“Personal care absorbent article” includes, but is not 
limited to, absorbent articles such as disposable diapers, 
baby Wipes, training pants, child-care pants, and other 
disposable garments; feminine-care products including sani 
tary napkins, Wipes, menstrual pads, panty liners, panty 
shields, interlabials, tampons, and tampon applicators; adult 
care products including Wipes, pads, containers, inconti 
nence products, and urinary shields; and the like. 

“Medical absorbent article” includes a variety of profes 
sional and consumer health-care products including, but not 
limited to, products for applying hot or cold therapy, hospital 
goWns, surgical drapes, bandages, Wound dressings, covers, 
containers, ?lters, disposable garments and bed pads, medi 
cal absorbent garments, goWns, underpads, Wipes, and the 
like. 

“Absorbent Wiping article” includes facial tissue, toWels 
such as kitchen toWels, disposable cutting sheets, aWay 
from-home toWels and Wipers, Wet-Wipes, sponges, Wash 
cloths, bath tissue, and the like. 

“Menses simulant” is a material that simulates the vis 
coelastic and other properties of menses, Which is a “com 
plex liquid.” As used herein, the phrase “menses simulant” 
or “complex liquid” describes a liquid generally character 
iZed as being a viscoelastic ?uid comprising multiple com 
ponents having inhomogeneous physical and/or chemical 
properties. It is the inhomogeneous properties of the mul 
tiple components that challenge the e?icacy of an absorbent 
or adsorbent material in the handling of complex liquids. In 
contrast With complex liquids, simple liquids, such as, for 
example, urine, physiological saline, Water, and the like, are 
generally characterized as having a relatively loW viscosity 
and comprising one or more components having homoge 
neous physical and/or chemical properties. As a result of 
having homogeneous properties, the one or more compo 
nents of simple liquids behave substantially similarly during 
absorption or adsorption, although some components may 
be absorbed or adsorbed more readily than others. Although 
a complex liquid is generally characterized herein as includ 
ing speci?c components having inhomogeneous properties, 
each speci?c component of a complex liquid generally has 
homogeneous properties. Consider for example a represen 
tative complex body-liquid having three speci?c compo 
nents: red blood cells, blood protein molecules, and Water 
molecules. Upon examination, one skilled in the art could 
easily distinguish betWeen each of the three speci?c com 
ponents according to their generally inhomogeneous prop 
erties. Moreover, When examining a particular speci?c com 
ponent, such as the red blood cell component, one skilled in 
the art could easily recogniZe the generally homogeneous 
properties of the red blood cells. The “menses simulant” test 
?uid used in this invention is composed of sWine blood 
diluted With sWine plasma to provide a hematocrit level of 
35% (by volume). A suitable device for determining the 
hematocrit level is a HEMATOSTAT-2 system, available 
from Separation Technology, Inc., a business having o?ices 
located in Altamonte Springs, Fla., USA. A substantially 
equivalent system may alternatively be employed. 
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“Viscous ?uid” refers to a ?uid having a viscosity greater 
than the viscosity of Water, including such ?uids as menses, 
menses simulant, fecal ?uid, fecal ?uid simulant, and the 
like. 

These terms may be de?ned With additional language in 
the remaining portions of the speci?cation. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In accordance With the invention, a soft, ?exible, loW 
density, open-cell, thermoplastic, absorbent foam can be 
made by forming a foam polymer formula that includes a 
plasticiZing agent and one or more surfactants in combina 
tion With a base resin. The plasticiZing agent included in the 
foam polymer formula may further increase the softness of 
the resulting foam and, optionally, to increase the open-cell 
content and cell siZe of the resulting foam. 

The foam of the invention possesses a number of desir 
able properties attributable to the balanced presence of both 
a plasticiZing agent and surfactant. The inclusion of the 
surfactant and plasticiZing agent in the foam polymer for 
mula enhances softness, ?exibility, absorbency, as Well as 
the uniformity of cell-siZe distribution Within the foam. As 
used herein, the term “foam polymer formula” refers to the 
composition of the foam during the foam-forming process, 
Whereas the term “foam” refers to a ?nished or formed state 
of the foam. The composition of the foam is considered to 
be generally equivalent to the composition of the foam 
polymer formula. 

The soft, ?exible, loW-density, open-cell, thermoplastic, 
absorbent foam is particularly suitable for use in a variety of 
absorbent article applications including, Without limitation, 
personal care absorbent articles, medical absorbent articles, 
and absorbent Wiping articles. Personal care absorbent 
articles include, but are not limited to, absorbent articles 
such as disposable diapers, baby Wipes, training pants, 
child-care pants, sWimWear, and other disposable garments; 
feminine-care products including, but not limited to, sanitary 
napkins, Wipes, menstrual pads, panty liners, panty shields, 
interlabials, tampons, and tampon applicators; adult-care 
products including, but not limited to, Wipes, pads, contain 
ers, incontinence products, and urinary shields. Medical 
absorbent articles include professional and consumer health 
medical care products such as products for applying hot or 
cold therapy, hospital goWns, surgical drapes, bandages, 
Wound dressings, Wipes, covers, containers, ?lters, dispos 
able garments and bed pads, medical absorbent garments, 
underpads, and the like. Absorbent Wiping articles include 
facial tissue, Washcloths, cleaning applications including 
sponges and Wipes and impregnated Wipes, toWels such as 
kitchen toWels, disposable cutting sheets, aWay-from-home 
toWels, Wet-Wipes, bath tissue, and the like. Besides use of 
such foam for personal care products, the foam can also be 
used in a Wide array of applications including a variety of 
clothing components, and non-personal care absorbent prod 
ucts including ?lters, masks, packaging absorbents, trash 
bags, stain removers, topical compositions, laundry soil/link 
absorbers, detergent agglomerators, lipophilic ?uid separa 
tors, cleaning devices, athletic and recreation products, and 
construction and packaging uses. Additionally, because the 
foam is thermoplastic, the foam is also recyclable. 

The open-cell content of the foam, Which can be con 
trolled by adjusting the amount of surfactant and/or plasti 
ciZing agent included in the foam polymer formula, is 
suitably about 50% or greater, or about 70% or greater, or 
about 80% or greater, as measured using ASTM D2856. The 
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8 
foam is loW density, With a density of about 0.1 gram/cubic 
centimeter (g/cm3) or less, or about 0.05 g/cm3 or less, or 
about 0.01 g/cm3 or less (before any compression is applied 
to meet speci?c packaging and/or in-use requirements), and 
is soft and ?exible, With a Gurley stiffness of about 600 
milligrams or less, or about 300 milligrams or less, or about 
150 milligrams or less, or about 50 milligrams or less; and 
is resilient and elastic With an edge compression of about 
250 grams or less, or about 100 grams or less, or about 35 
grams or less. Gurley sti?fness can be measured using the 
Gurley Sti?fness Test Method, and edge compression can be 
measured using the Edge Compression Test Method, both of 
Which are described in detail beloW. Softness, ?exibility, 
elasticity, and resiliency are also demonstrated through 
compression set resistance. The foam of the invention suit 
ably has a compression resistance of about 20% compres 
sion set or less, or about 15% compression set or less, or 
about 7% compression set or less, as measured using ASTM 
D3575. 
The foam remains suitably absorbent even after repeated 

Washings. The surfactant permanence remains intact in the 
foam such that about 15% or less, or about 10% or less, or 
about 5% or less of the surfactant is washed off after soaking 
in Water for 24 hours. The Surfactant Permanence Test is 
described in detail beloW. An alternative measure of the 
surfactant permanence is the surface tension of the super 
natant in the same Surfactant Permanence Test. More par 
ticularly, the surface tension remains greater than about 40 
dynes/ centimeter, or greater than about 50 dynes/centimeter, 
or greater than about 60 dynes/centimeter. 
The absorbent foam With 0.9% NaCl saline has a saturated 

capacity of about 3 grams/gram (g/g) or greater, or about 15 
g/g or greater, or about 30 g/ g or greater, or about 100 g/g 
or greater, as measured under a 0.5 psi load using the 
Saturated Capacity Test Method, described in detail beloW, 
and a ?uid intake ?ux of about 1 ml/sec/in2 or greater, or 
about 3 ml/sec/in2 or greater, or about 5 ml/sec/in2 or greater 
upon the ?rst insult, about 1 ml/sec/in2 or greater, or about 
3 ml/sec/in2 or greater, or about 5 ml/sec/in2 or greater upon 
the second insult, and about 1 ml/sec/in2 or greater, or about 
3 ml/sec/in2 or greater, or about 5 ml/sec/in2 or greater upon 
the third insult, using the Fluid Intake Flux Test or Modi?ed 
Fluid Intake Flux Test, also described in detail beloW. 
Furthermore, the foam has a vertical Wicking height of about 
5 centimeters (cm) or higher, or about 7 cm or higher, or 
about 10 cm or higher, or about 15 cm or higher in 30 
minutes, as measured With 0.9% NaCl saline solution using 
the Vertical Wicking Test, also described in detail beloW. 
With viscous ?uid, saturation capacity is about 3 g/g or 
greater, or about 25 pg or greater, or about 100 g/ g or greater, 
and retention capacity is about 1 g/ g or greater, or about 3 
pg or greater, or about 8 g/ g or greater as determined using 
the Viscous Fluid Saturation Capacity and Retention Capac 
ity Test, also described in detail beloW. 
The thermoplastic absorbent foam may be thin, but pos 

sesses considerable strength. More particularly, the foam 
may have a basis Weight of about 400 grams per square 
meter or less, With an overall bulk, measured at 0.02 psi 
loading, of about 6 millimeters or less. Suitably, the foam 
has a cross-direction (CD) trap tear strength of about 300 
grams or greater, or about 600 grams or greater, or about 
1200 grams or greater, and a machine-direction (MD) trap 
tear strength of about 300 grams or greater, or about 600 
grams or greater, or about 1200 grams or greater. Overall 
bulk can be measured using a hand micrometer, While 
avoiding surface compression. Trap tear MD/ CD strength of 
the foam may be measured using ASTM D1117-14. 
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Any one or more of the foam properties disclosed herein 
may be present in the foam of the invention. 

The base resin, or starting material, included in the foam 
polymer formula used to make the foam of the invention can 
include any suitable thermoplastic polymer, or blend of 
thermoplastic polymers, or blend of thermoplastic and non 
therrnoplastic polymers. 

Examples of polymers, or base resins, suitable for use in 
the foam polymer formula include styrene polymers, such as 
polystyrene or polystyrene copolymers or other alkenyl 
aromatic polymers; polyole?ns including homo or copoly 
mers of ole?ns, such as polyethylene, polypropylene, poly 
butylene, etc.; polyesters, such as polyalkylene terephtha 
late; and combinations thereof. A commercially available 
example of polystyrene resin is DoW STYRON® 685D, 
available from DoW Chemical Company in Midland, Mich., 
U.S.A. 

Coagents and compatibiliZers can be utiliZed for blending 
such resins. Crosslinking agents can also be employed to 
enhance mechanical properties, foamability and expansion. 
Crosslinking may be done by several means including 
electron beams or by chemical crosslinking agents including 
organic peroxides. Use of polymer side groups, incorpora 
tion of chains Within the polymer structure to prevent 
polymer crystallization, loWering of the glass transition 
temperature, loWering a given polymer’s molecular Weight 
distribution, adjusting melt ?oW strength and viscous elastic 
properties including elongational viscosity of the polymer 
melt, block copolymeriZation, blending polymers, and use of 
polyole?n homopolymers and copolymers have all been 
used to improve foam ?exibility and foamability. 
Homopolymers can be engineered With elastic and crystal 
line areas. Syndiotactic, atactic and isotactic polypropy 
lenes, blends of such and other polymers can also be utiliZed. 
Suitable polyole?n resins include loW, including linear loW, 
medium and high-density polyethylene and polypropylene, 
Which are normally made using Ziegler-Natta or Phillips 
catalysts and are relatively linear; generally more foamable 
are resins having branched polymer chains. Isotactic propy 
lene homopolymers and blends are made using metallocene 
based catalysts. Ole?n elastomers are included. 

Ethylene and ot-ole?n copolymers, made using either 
Ziegler-Natta or a metallocene catalyst, can produce soft, 
?exible foam having extensibility. Polyethylene cross 
linked With ot-ole?ns and various ethylene ionomer resins 
can also be utiliZed. Use of ethyl-vinyl acetate copolymers 
With other polyole?n-type resins can produce soft foam. 
Common modi?ers for various polymers can also be reacted 
With chain groups to obtain suitable functionality. Suitable 
alkenyl aromatic polymers include alkenyl aromatic 
homopolymers and copolymers of alkenyl aromatic com 
pounds and copolymeriZable ethylenically unsaturated 
comonomers including minor proportions of non-alkenyl 
aromatic polymers and blends of such. Ionomer resins can 
also be utiliZed. 

Other polymers that may be employed include natural and 
synthetic organic polymers including cellulosic polymers, 
methyl cellulose, polylactic acids, polyvinyl acids, polyacry 
lates, polycarbonates, starch-based polymers, polyetherim 
ides, polyamides, polyesters, polymethylmethacrylates, and 
copolymer/ polymer blends. Rubber-modi?ed polymers such 
as styrene elastomers, styrene/butadiene copolymers, ethyl 
ene elastomers, butadiene, and polybutylene resins, ethyl 
ene-propylene rubbers, EPDM, EPM, and other rubbery 
homopolymers and copolymers of such can be added to 
enhance softness and hand. Ole?n elastomers can also be 
utiliZed for such purposes. Rubbers, including natural rub 
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10 
ber, SBR, polybutadiene, ethylene propylene terpolymers, 
and vulcaniZed rubbers, including TPVs, can also be added 
to improve rubber-like elasticity. 

Thermoplastic foam absorbency can be enhanced by 
foaming With spontaneous hydrogels, commonly knoWn as 
superabsorbents. Superabsorbents can include alkali metal 
salts of polyacrylic acids; polyacrylamides; polyvinyl alco 
hol; ethylene maleic anhydride copolymers; polyvinyl 
ethers; hydroxypropylcellulose; polyvinyl morpholinone; 
polymers and copolymers of vinyl sulfonic acid, polyacry 
lates, polyacrylamides, polyvinyl pyridine; and the like. 
Other suitable polymers include hydrolyZed acrylonitrile 
grafted starch, acrylic acid grafted starch, carboxy-methyl 
cellulose, isobutylene maleic anhydride copolymers, and 
mixtures thereof. Further suitable polymers include inor 
ganic polymers, such as polyphosphaZene, and the like. 
Furthermore, thermoplastic foam biodegradability and 
absorbency can be enhanced by foaming With cellulose 
based and starch-based components such as Wood and/or 
vegetable ?brous pulp/?our. 

In addition to any of these polymers, the foam polymer 
formula may also, or alternatively, include diblock, triblock, 
tetrablock, or other multi-block thermoplastic elastomeric 
and/or ?exible copolymers such as polyole?n-based ther 
moplastic elastomers including random block copolymers 
including ethylene ot-ole?n copolymers; block copolymers 
including hydrogenated butadiene-isoprene-butadiene block 
copolymers; stereoblock polypropylenes; graft copolymers, 
including ethylene-propylene-diene terpolymer or ethylene 
propylene-diene monomer (EPDM), ethylene-propylene 
random copolymers (EPM), ethylene propylene rubbers 
(EPR), ethylene vinyl acetate (EVA), and ethylene-methyl 
acrylate (EMA); and styrenic block copolymers including 
diblock and triblock copolymers such as styrene-isoprene 
styrene (SIS), styrene-butadiene-styrene (SBS), styrene-iso 
prene-butadiene-styrene (SIBS), styrene-ethylene/butylene 
styrene (SEBS), or styrene-ethylene/propylene-styrene 
(SEPS), Which may be obtained from Kraton Polymers of 
Belpre, Ohio, U.S.A., under the trade designation KRA 
TON® elastomeric resin or from Dexco, a division of 
ExxonMobil Chemical Company in Houston, Tex., U.S.A., 
under the trade designation VECTOR® (SIS and SBS 
polymers) or SEBS polymers as the SEPTON® series of 
thermoplastic rubbers from Kuraray America, Inc. in NeW 
York, N.Y., U.S.A.; blends of thermoplastic elastomers With 
dynamic vulcaniZed elastomer-thermoplastic blends; ther 
moplastic polyether ester elastomers; ionomeric thermoplas 
tic elastomers; thermoplastic elastic polyurethanes, includ 
ing those available from E. I. Du Pont de Nemours in 
Wilmington, Del., U.S.A., under the trade name LYCRA® 
polyurethane, and ESTANE® available from Noveon, Inc. 
in Cleveland, Ohio, USA; thermoplastic elastic polya 
mides, including polyether block amides available from 
ATOFINA Chemicals, Inc. in Philadelphia, Pa., U.S.A., 
under the trade name PEBAX® polyether block amide; 
thermoplastic elastic polyesters, including those available 
from E. I. Du Pont de Nemours Company, under the trade 
name HYTREL®, and ARNITEL® from DSM Engineering 
Plastics of Evansville, Ind., U.S.A., and single-site or met 
allocene-catalyZed polyole?ns having a density of less than 
about 0.89 grams/cubic centimeter such as metallocene 
polyethylene resins, available from DoW Chemical Com 
pany in Midland, Mich., U.S.A. under the trade name 
AFFINITYTM; and combinations thereof. 
As used herein, a tri-block copolymer has an ABA struc 

ture Where the A represents several repeat units of type A, 
and B represents several repeat units of type B. As men 
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tioned above, several examples of styrenic block copoly 
mers are SBS, SIS, SIBS, SEBS, and SEPS. In these 
copolymers the A blocks are polystyrene and the B blocks 
are the rubbery component. Generally these triblock copoly 
mers have molecular Weights that can vary from the loW 
thousands to hundreds of thousands and the styrene content 
can range from 5% to 75% based on the Weight of the 
triblock copolymer. A diblock copolymer is similar to the 
triblock but is of an AB structure. Suitable diblocks include 
styrene-isoprene diblocks, Which have a molecular Weight of 
approximately one-half of the triblock molecular Weight and 
having the same ratio of A blocks to B blocks. Diblocks With 
a different ratio of A to B blocks or a molecular Weight larger 
or greater than one-half of triblock copolymers may be 
suitable for improving the foam polymer formula for pro 
ducing loW-density, soft, ?exible, absorbent foam via poly 
mer extrusion. 

As illustrated in Examples 4 and 5 beloW, it may be 
particularly bene?cial to include a thermoplastic elastomer 
having a high diblock content and high molecular Weight as 
part of the foam polymer formula to extrude loW-density, 
soft, ?exible, resilient, absorbent, thermoplastic foam. For 
example, the thermoplastic elastomer may have a diblock 
content betWeen about 50% and about 80%, by Weight, of 
the total thermoplastic elastomer Weight. 
KRATON® products have been shoWn to act as a dis 

continuous phase in styrenic-based foams and act as cell 
opener generators When used in small amounts. The amount 
of KRATON® polymers used in the foam polymer formula 
as a Whole in the foam of the invention is of such a large 
magnitude that the cell-opener effect is negligible compared 
to the resiliency, ?exibility, elasticity, and softness imparted. 

Suitably, the foam polymer formula includes up to about 
95%, by Weight, of polystyrene, and at least 5%, by Weight, 
of thermoplastic elastomer. More particularly, the foam 
polymer formula may include betWeen about 50% and about 
95%, by Weight, of polystyrene, and betWeen about 5% and 
about 50%, by Weight, of thermoplastic elastomer. Alterna 
tively, the foam polymer formula may include betWeen 
about 50% and about 80%, by Weight, of polystyrene, and 
betWeen about 20% and about 50%, by Weight, of thermo 
plastic elastomer. In one embodiment, for example, the foam 
polymer formula may include equal amounts of polystyrene 
and thermoplastic elastomer. 

In accordance With the invention, a plasticiZing agent can 
be included in the foam polymer formula. A plasticiZing 
agent is a chemical agent that imparts ?exibility, stretch 
ability and Workability. The type of plasticiZing agent has an 
in?uence on foam gel properties, bloWing agent migration 
resistance, cellular structure, including the ?ne cell siZe, and 
number of open cells. Typically plasticiZing agents are of 
loW molecular Weight. The increase in polymer chain mobil 
ity and free volume caused by incorporation of a plasticiZing 
agent typically results in a Tg decrease, and plasticiZing 
agent effectiveness is often characteriZed by this measure 
ment. Petroleum-based oils, fatty acids, and esters are com 
monly used and act as external plasticiZing agents or sol 
vents because they do not chemically bond to the polymer 
yet remain intact in the polymer matrix upon crystallization. 

The plasticiZing agent increases cell connectivity by thin 
ning membranes betWeen cells to the point of creating 
porous connections betWeen cells; thus, the plasticiZing 
agent increases open-cell content. Suitably, the plasticiZing 
agent is included in an amount betWeen about 0.5% and 
about 10%, or betWeen about 1% and about 10%, by Weight, 
of the foam polymer formula. The plasticiZing agent is 
gradually and carefully metered in increasing concentration 
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12 
into the foam polymer formula during the foaming process 
because too much plasticiZing agent added at once creates 
cellular instability, resulting in cellular collapse. 

Examples of suitable plasticiZing agents include polyeth 
ylene, ethylene vinyl acetate, mineral oil, palm oil, Waxes, 
esters based on alcohols and organic acids, naphthalene oil, 
para?in oil, and combinations thereof. A commercially 
available example of a suitable plasticiZing agent is a 
small-chain polyethylene that is produced as a catalytic 
polymeriZation of ethylene; because of its loW molecular 
Weight it is often referred to as a “Wax.” This loW-density, 
highly branched polyethylene “Wax” is available from East 
man Chemical Company of Kingsport, Tenn., U.S.A., under 
the trade designation EPOLENE® C-10. 

In order for the foam to be used in personal care and 
medical product applications and many absorbent Wiping 
articles and non-personal care articles, the foam must meet 
stringent chemical and safety guidelines. A number of plas 
ticiZing agents are FDA-approved for use in packaging 
materials. These plasticiZing agents include: acetyl tributyl 
citrate; acetyl triethyl citrate; p-tert-butylphenyl salicylate; 
butyl stearate; butylphthalyl butyl glycolate; dibutyl seba 
cate; di-(2-ethylhexyl) phthalate; diethyl phthalate; diisobu 
tyl adipate; diisooctyl phthalate; diphenyl-2-ethylhexyl 
phosphate; epoxidiZed soybean oil; ethylphthalyl ethyl gly 
colate; glycerol monooleate; monoisopropyl citrate; mono-, 
di-, and tristearyl citrate; triacetin (glycerol triacetate); tri 
ethyl citrate; and 3-(2-xenoyl)-1,2-epoxypropane. 

In certain embodiments, the same material used as the 
thermoplastic elastomer may also be used as the plasticiZing 
agent. For example, the KRATON® multi-phase polymers, 
described above, may be used as a thermoplastic elastomer 
and/or a plasticiZing agent. In Which case, the foam polymer 
formula may include betWeen about 10% and about 50%, by 
Weight, of a single composition that acts as both a thermo 
plastic elastomer and a plasticiZing agent. Described in an 
alternative manner, the foam may be formed Without a 
plasticiZing agent per se; in Which case, the foam polymer 
formula may include betWeen about 10% and about 50%, by 
Weight, of the thermoplastic elastomer. An example of such 
a composition is Sample 2a in Example 1, beloW. 
Foaming of soft, ?exible polymers, such as thermoplastic 

elastomers, to a loW density is di?icult to achieve. The 
addition of a plasticiZing agent makes foaming to loW 
densities even more di?icult to achieve. The method of the 
invention overcomes this di?iculty through the inclusion of 
a surfactant in the foam polymer formula. The surfactant 
stabiliZes the cells, thereby counteracting cellular collapse 
While retaining an open-cell structure. This stabiliZation of 
the cells creates cell uniformity and control of cell structure. 
In addition to enabling foaming of plasticiZed thermoplastic 
elastomer polymer containing foam formulations to loW 
densities, the surfactant also provides Wettability to enable 
the resulting foam to absorb ?uid. 

While it is not intended to limit the invention to a 
particular theory, it is believed that improved cell stabiliZa 
tion is achieved via the use of surfactant in a foam polymer 
formula containing a plasticiZing agent. The addition of a 
plasticiZing agent makes foaming to loW densities even more 
di?icult to achieve. PlasticiZing agents such as Waxes, oils, 
silicon defoamers, and small particulates at loW addition 
provide localiZed surface tension reduction in the foam cell 
membrane, Which causes rupturing and premature cellular 
collapse or coalescence. The method of the invention over 
comes this di?iculty through the addition of surfactant to the 
foam polymer formula Which counteracts thermodynamic 
and kinetic instabilities of bubble formation in the polymer 
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melt. The surfactant stabilizes the cells, thereby counteract 
ing cellular collapse caused by the plasticizing agent. This 
stabilization of the cells creates cell uniformity in terms of 
cell size and cell size distribution and thereby alloWs control 
of cell structure. Since the surfactant is a surface active 
agent, it loWers the surface or interfacial tension and thus 
assists bubble formation. A decreased surface tension 
reduces the pressure differential required to maintain a 
bubble of a certain size, reduces the pressure difference 
betWeen bubbles of different sizes, reduces the free energy 
required to maintain a given interfacial area, and thus 
increases the bubble nucleation rate. As Gibbs theorem 
explains, a surfactant combats excessive thinning of cell 
membranes and restores surfactant concentration to the 
surface and thereby acts as a stabilizing factor; hoWever, a 
surfactant does not restore liquid to the ?lm, Which results 
in a lack of self-repair. The Marangoni e?fect describes 
surface How of dragging underlying layers of liquid to 
restore ?lm thickness, Which enhances ?lm elasticity and 
resilience and thus counters cellular coalescence. This again 
is a stabilizer. Assuming the credence of these tWo mecha 
nisms, a surfactant Would be most effective if it is designed 
so that the Marangoni e?fect dominates the foam polymer 
formula, for if the Gibbs e?fect dominates, the diffusion rate 
Would be too high and self-repair Would not occur. Therefore 
the addition of surfactant acts as a “buffer” or “stabilizer” to 
control surface tension and With control of temperature, 
Which also affects surface tension, melt viscosity and melt 
strength, bubble stability can occur so that cells form in the 
thermoplastic melt. This effect is offset by loWering the 
surface tension forces that hold the polymer matrix together. 

Bubble Walls typically drain due to gravity and capillary 
forces. Such drainage thins the Walls before the cell struts 
are sufficiently hardened, Which leads to cell collapse. La 
Place and Young proposed that capillary pressure at the 
junction of tWo or more ribs is loWer, thereby creating ?oW 
from the membrane to the ribs and, consequently, thinning. 
With a su?icient amount of surfactant molecules arranged 
preferentially to migrate to the surface of the ?lm mem 
brane, the presence of surfactant at the membrane’ s thin ?lm 
surfaces provides resistance to drainage of the molten plas 
tic. If the ?lm layer is sufficiently thick, such as in a foam 
membrane, it can be further stabilized by an ionic double 
layer of molecules resulting from orientation of ionic sur 
factants. Both nonionic and ionic surfactants can exhibit 
another stabilizing force if the membrane is sufficiently thin. 
This Would be done by the alignment of surfactant tails to 
create a bi-layer structure, such as found in biological cells, 
that is held together via Van der Waals forces and thus 
stabilizes the foam membrane. 

(References: Polymeric Foams, edited by Daniel Klemp 
ner and Kurt Frisch, Hanser Publishers, 1991; and Foam 
Extrusion, edited by S. T. Lee, Technomic Publishing Co., 
Inc., 2000.) 

The surfactant is thought to also provide resistance to 
diffusion of the gas from the cell to the surroundings, Which 
also aids in resisting collapse. The reduced gas permeability 
due to the drainage resistance is related to the degree the 
surfactant can pack into the bubble’s ?lm surface and 
explains the difference betWeen the performances of the 
various surfactants. This reduced rate of diffusion alloWs 
su?icient cooling for strut formation to prevent coalescence. 
The surfactant does not need to prevent drainage, but simply 
sloWs it su?iciently so that the cell struts are substantially 
hardened thereby preventing cell coalescence. In general 
terms, it is expected that surfactants that are highly mobile 
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in the melt, highly surface active, and can pack tightly and 
prevent membrane drainage Will provide the best cell sta 
bilization. 
The surfactant may be a single surfactant, or a multi 

component surfactant system. Amulti-component surfactant 
system is a combination of tWo or more surfactants. It has 
been found that certain multi-component surfactant systems 
can achieve equal or better foam formation at a loWer dosage 
than certain single-component surfactant systems. Example 
3, beloW, illustrates the effects of adding various dosages of 
surfactant and surfactant mixtures to a polymer blend. For 
example, in the samples tested, the tWo-component surfac 
tant foams had densities comparable to foam made With over 
three times the amount of a single-surfactant system. Sur 
factant is a costly component in the foam polymer formula. 
The use of certain multi-component surfactant systems can 
be used to achieve foam having comparable foam properties 
at a loWer cost than foam that includes three times as much 
surfactant. 
The surfactant can be included in the foam polymer 

formula in an amount betWeen about 0.05% and about 10%, 
or betWeen about 0.1% and about 5%, by Weight, of the foam 
polymer formula. In an embodiment in Which the surfactant 
is a multi-component surfactant system, the total of all 
surfactants can be included in the foam polymer formula in 
an amount betWeen about 0.05% and about 8.0%, or 
betWeen about 0.1% and about 3.0%, by Weight, of the foam 
polymer formula. Examples of suitable surfactants include 
cationic, anionic, amphoter‘ic, and nonionic surfactants. 
Anionic surfactants include the alkylsulfonates. Examples of 
commercially available surfactants include HOSTASTAT® 
HS-l, available from Clariant Corporation in Winchester, 
Va., U.S.A.; Cognis EMEREST® 2650, Cognis EMER 
EST® 2648, and Cognis EMEREST® 3712, each available 
from Cognis Corporation in Cincinnati, Ohio, USA; and 
Dow Corning 193, available from DoW Chemical Company 
in Midland, Mich., U.S.A. Alkyl sulfonates are quite effec 
tive; hoWever, use of this class of surfactants in certain 
applications may be limited because of product safety. Some 
combinations offer unexpected bene?ts Where the alkyl 
sulfonate is added at a substantially loWer level in conjunc 
tion With another surfactant to yield good foaming and 
Wettability. In one embodiment, for example, the surfactant 
can be added to the foam polymer formula in a gaseous 
phase, such as through the use of a bloWing agent such as 
supercr‘itical carbon dioxide. One bene?t of using a gaseous 
surfactant is that the surfactant can fully penetrate and be 
incorporated into the polymer matrix, Which can improve 
substantivity and thereby reduce surfactant fugitivity to 
enhance the foam’s permanent Wettability. 
The balance betWeen cell stabilization of the surfactant 

and the enhanced melt drainage from the plasticizing agent 
enables control over the open-cell content of the resulting 
foam. More particularly, the amount of surfactant can be 
adjusted to counteract the effects of the plasticizing agent, 
and/or the amount of the plasticizing agent can be adjusted 
to counteract the effects of the surfactant. For example, if the 
plasticizing agent is included in the foam polymer formula 
in an amount betWeen about 0.5% and about 5%, by Weight, 
of the foam polymer formula, then the surfactant should be 
included in the foam polymer formula in an amount betWeen 
about 0.5% and about 5%, by Weight, of the foam polymer 
formula. Similarly, if the plasticizing agent is included in the 
foam polymer formula in an amount betWeen about 5% and 
about 10%, by Weight, of the foam polymer formula, then 
the surfactant should be included in the foam polymer 
formula in an amount betWeen about 2% and about 10%, by 


























